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SI LI CA SUPPORT, HETEROPOLYACI D CATALYST PRODUCED

THEREFROM AND ESTER SYNTHESI S USI NG THE SI LI CA
WELRBORIED HETEROPOLYACI D CATALYST <The presenPCT/GB2005/003470

invention relates to a silica support, a

het er opol yacid acid catalyst prepared fromthe silica

support and use of the supported heteropol yacid

catalyst in the synthesis of esters of nonocarboxylic

acids by reacting an olefin with a f | '

STucE SbraieF 15 BadOpRy S At ot v SE BRON e atEE o
T Tﬂ“@}’ﬁq‘ § USIREATYBSTERth RUPPERIHH BETEROPOLYACID

Ag\zl?ﬁscﬁ arly \EIJ\%SF[ agglgt ed for the production of ethyl

acetate by the reaction ¢IABAhYBEne with acetic acid.

It is well known that olefins can be reacted with

| ower aliphatic carboxylic acids to formthe

COrM§g g%&&triﬁve%ﬁbﬂaatemea SHE supBb i Qthdtroptgdeid m&acétﬁllyst

@GB- A- 1259390 in which an ethylenically unsaturate

prepereddiumu thessilicastprarbandise lof giel supportedrhstirepal asidovatalysign the
a, carboxylic acid and .a fr pal i d. o
S e R R S
an@pRIESSs fon gﬂﬁ&xﬁiﬁg&ﬁ?@pbﬁ,r@myy faﬁd dstéra’(lj“ﬁé sipboitscatalyst and
unsupport ed. urther process for producing esters is,
prasestsht Bedicnarty e adaniod B 41 prodhetion of elieharerta Py fheesadion of
F’%n{ﬁ%&t&gﬁ%‘ﬁm a lower olefinto forma lower fatty

ester, the reaction being carried out in the
gadtiousllknawe that oldfims parebertacted fvith lowtmdliphbticonsixylic agds to

oy g PR, SRR G e TR A1 55890 in wiich
flyE4 ' RImpSui R TBAtd 9 thi ik thedinch &ddprisi

an?arring%?g?gﬁh%teég B! e ddprising a

cabheylicatidindi fe¢ heferopelypeid o€ mwlybdenurh er pingstewt Taif pesfcess is a

I | i phat I. f I I
hopBiEtso PP uEr irars hetiopRSACTRpEngt dnr BREREL A fbther
prédebPioapiodusiag Renslis Gesafibell in/TPtAD52948Iin pihdches lovet Pty acid is
presence of a heteropol Yam d catal yst characterised in

reactrgltwidhna bveuelefigrto feres 1aver daty acicherders theeartion beipg gamged out in
theﬁ%a%g&hsg):ﬂggﬁg tﬂeolgl%gengé gfr’] % Sﬁglbrgtidoﬁssistg{(ﬁd@gﬁég&t%ee heteropolyacid salt

oxyl1c acl

' of nemailienn Lij G, Mg oflK supgottétbort @ artienThellieterppaigaid esedfis

water is_said to reduce.the ount of unwanted by-
P%?R?GBE‘@%‘“@@H@%@ECWGT frser P15 A general probl em

TS Ch RO RIRISHESER oAt
alipkatiereatersy forafx amprel dthyd motate sbyofeaetingza fowtey olefin with a saturated lower
aligﬁﬁlrcoc%%{)%tx?/ﬁc acid in the vapour phase in the presence ofa heteropolyacid catalyst
characterised in that an amount of water in the range from 1-10 mole % based on the total
of the olefin, aliphatic mono-carboxylic acid and water is added to the reaction mixture
during the reaction. The presence of water is said to rec\,Iuce the amount of unwanted by-
products generated by the reaction.

A general problem encountered with the above processes in the production of ethyl
acetate using heteropolyacid catalysts is the generation of small amounts of a variety of by-
products. These by-products generally have to be removed from the ester product by

separation processes such as fractional distillation and solvent extraction. The applicants

have found that one such by-product, butan-2-one or methyl ethyl ketone (MEK), is



10

25

30

These by-products generally have to be renoved from

the ester product by separation processes such as
woneawioszaaal distillati on and sol vent extracti ORCT/GB2005/003470

appl i cants have found that one such by-product,

but an- 2-one or nethyl ethyl ketone (MEK),

isparticularly troubl esone due to its close boiling

point with ethyl acetate and hence the difficul ty in

renoving it via distillation., W 02/201 58 and WO
Paguboldulssemr Hae i ity JewssRoting Poipioui pilyl agstal asthenpethe

GfERLRPVhfouiElify BRi@llafigem an aliphatic carboxylic

in catal ysed by a supported
hetWOd2d2 0148 iadd 54D ARYHE89 dedeeibe b pracass foapla)ldys;ing g aliphatic

caghap Esfi‘é%ce@F%tﬁrhfg?megéipﬁaﬁ%ﬂ%'r@x%ﬂv A A% Bikge SalBRo &

su?ﬂ)(ﬁ%cﬂetetr MR &tﬁ%ﬁaWeVeﬁﬁ tHeQatalh3€isi BnfAtRd l’&ﬁtlﬂﬁga% containing
ower aliphatic car lic acid ester. It has now been

oneeunwre bwatspadowkr alméaumbomﬂwtahei aiallpwer ajspéeltut glcohol to

OB oh oo ran i ¢ o' AR sHBR gl SHeid g

NDNEEAIXYdehFodd Hst pacial esithentiof tike §h<gws%¢1 t‘(ﬂﬁipport the
reduction in the |l evels of undesirable by- products.

heteroprigacyd easalpaared iy prRdyctionet F?téfétbh‘éh? reggfipn @fglefing and
m&%%t %%qgh&?&(ﬁj a?itreiu'lt iffras 1ﬁJ§HF RUERALin ik 1D8s 6F Hﬁcﬂzsuable by-

rengt e supported catalyst, and an inprovenent
prbdiudtsh dt hid dl$d been fowsi thatethe &emﬁuehh@nsleqnho ret\mddexhdmdtlystlne an
is an OBJ ect. of tfhﬂg esent inven |on rovi de an

im%waaﬁeampt B ERish srgjet sﬁmetﬁiaﬁta . gag B TP LSt n the
at@of" &&Ml&%%&% dabigski on of 1-olefins with

nDnocarboxy Ic acids and water in the presence of
het eltt oprol ghgasit df thatpadspstt invention telpragide, mtlh@rq)mémﬂess for the

t d f
oot Fba diseer L REEErgS BERGHGLPE BePtPHa
mbRcatbofylidadifEand WAHCHI tRdp@benad oﬁﬁét%pbwa@a@@fab@g a
l-olefin with a nonocarboxylic acid and water in the

vap@morcbhglyethmeqsemtnnqu@op prwides adx;mﬂw fs predusig; aypport for use

|
B SR S EOEL R BOASERI  rcin
a D»olefﬁﬂviﬂ@@ nfv@uEdboxkie apideme IWatd:rmd et vapourepttise wheneiroihs process

a support as _prepared by the above-nenti oned roces
comprigiireating silicaeehpraglat WithvisAm BA (HPBYAYESInd %Fa&éeigo to

I
3(¥:(§éa§rra°?éi-§)d%9t1%esllh m&%ng%r. 3&99@5&&9 het er opol yaci d

use uction of an ester by
r eaﬂilta preseat ihveticer dlso providesa suppodas poopptdddyabe dbaveementioned
wat er in the vapour phase wherein the catalyst is
process.

In addition, the present mventlon provides a process for producing a s1l1ca-gel
supported heteropolyacid catalyst for use in the production of an ester by reacting a 1-
olefin with a monocarboxylic acid and water in the vapour phase wherein the catalyst is
produced by impregnating and/or depositing at least one heteropolyacid onto a support of
the present invention.

Furthermore, the present invention provides a silica-gel supported heteropolyacid
catalyast as prepared by the process as mentioned above.

Yet further, the present invention provides a process for the production of an ester by

reacting a 1-olefin with a monocarboxylic acid and water in the vapour phase in the
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produced by inpregnating and/ or depositing at | east

one heteropol yacid onto a support of the present
wonversesasn. Furthernore, the present inventi onPOTABE2005003470

a silica-gel supported heteropol yacid catal yast as

prepared by the process as nentioned above. Yet

further, the present invention provides a process for

t he production of an ester by reacting a 1-olefin with

he se Jin :
Feﬁge%r%g)gg ﬁ?gaé{;f ﬁlpg&%t?dclg&grgv@l&gmg 8?ttaérat Wi‘?gr“b (S 01&8 igaf support is
irctht abrynsbf grafees the dgrivules havirgs geh sabjp@ed to trétménttwieh steam at a
form of granules, the granul es having been subjected

tgperdEiR IR TANES HOSP SRHIGIora Reaing of Hingrie therfangfed. | im0 hours.
1008Efi’ab:f9%gsu§f%glé £ 05k ﬂ%nﬁﬂa red,nté)é Fx%léﬂg,gogﬁ e ily&rglysm of

200 hours types 0
Sinwithotaterent byfaoﬂfgngmqheouskzyhdata&sohydmpfoy skamplb b$itkd Adition of

i dif | |
e @nsa Ty SHERE SRV B PR ey sHpPat s BB RegeeRticle

dRilet&Fe t§ @b Wirh QRore Pr&ERORLY Y 55 t@?nrﬁ Uf[?ﬁ%f)ec'ﬂﬁlzf 3 6 mm.

average particle dianeter “of
preflbe atalnylesz OBthte sugparngandedragspaty, &irleparBpledoneairhy dlﬂymg the
RPOI L e fr nents for
s B 5 By e g R e R sl s PRB L Piorr sty R of
esthBinngS silida@l fGihd deg@laf6l irfdRSISE Hartitle®YThR Al dsTah bOBplRFoidal,
Hu& on.of silica to formregular or irregular
fuga i Yigdricat peany; ofen wifakla shapss.spher oi dal , tubul ar,

cyl EQQB];)IQ?{)f &)rmrﬂé%lag? %@511 W G0l & Wt%?%ca?‘%rgﬁlpbéreﬁ

conmer cl al 'y avai | abf' e si |ca sup rts
tlermé@yeoif the ptdsmtpmmesns aefGilabe Speeasiat andGeaet SMR arsa' 015 grades

éi 8@ r | ar_.and ace SMR 0-57-015 grades of
FreRlSs | Coece 1 Sllice hes anaverage ot vahaalrahget bt wl/g and an
avePa i Rrle ﬁ@@%gﬁ]tg]fﬁ)rﬂid{,&tgr{ﬂ_ 8dndyer age particle size

rangi ng from abou - Onm The silica gel
gr ahle sbcugd dranwles uppbastsupport albta}ol}hlmx/e agopovaumo inthe range from

f ferably, f
0534 ! BREE DI AT 0 Brtep nde Rt e b lleD e pr ety i Reast 7
Néwhiawtrons. TR &@sh air@gﬂfslqabteataf@sl&w 8n g%}&géioﬁhﬁ RasBthed for

on average of that determ ned for each
cgshiset ofl Wpagtirles coHATHATIBNLOdE tester whichmasewrssithesninimeum force

né@egyaﬁrt@ cfrt?{h a?t?&%ﬁgtareg%g%ﬁaﬁel spa‘i“F arsﬁ;gg)rt:%lﬁgvvﬁgﬁgn average !

e If:ﬁdlﬁsa@hbs to( Wpp6rting CheSeaRdMt thed€brn) bf:‘ 16 & S9ofSpretd a1 Qﬁ‘)average
of 10 to. 5OgA Eéeferably an average pore radius of 30

PQrg r%‘g‘éﬁ@fglorfooé r to achi eve optinum perfornmance, the
SUPRQSrler t5 aStibt APl BEEmPUNke, the support is suitably free from

extraneous metals or elements which can adversely affect the catalytic activity of the
system. If silica is employed as the sole support material it preferably has a purity of at
least 99% w/w, i.e. the impurities are less than 1% w/w, preferably less than 0.60% w/w
and more preferably less than 0.30% w/w.

The treatment of the silica gel support with steam is carried out before the
heteropolyacid catalyst is applied to the support or is carried out simultaneously with the
application of the heteropolyacid to the support. The steam treatment is carried out at a
temperature in the range 100 to 300°C, preferably 130 to 250°C, more preferably 150 to

200°C. The length of time the silica gel is subjected to the steam treatment is in the range
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extraneous netals or elenments which can adversely

affect the catalytic activity of the system If silica
woOomrmptsayed as the sole support material it pretaBbis003470

has a purity of at least 99% ww, i.e. the inpurities

are less than 1% w w, preferébly | ess than 0.60% w w

and nore preferably less than 0.30% w w. The treat nent

of the silica gel support with steamis carried out

bef ore the heteropal yacid tal yst i [ to th
0.5 Presrably (oo QMG PEI ALY B8 JOPOTH (iheisiam can be pure
stARPilde@tdaoBr O BeldemBiirE o0 énew 3fittfother 603 YPPSkLile c$lt‘hﬁgnents,

steamtreatnent Is carried out at aterrperature In
for ewaryepld 8D ot 0itdQEO Chepadiabprebiuye 0Bthetvert@300 Caryrfomme 1 to 100% of

RS0 ROl pAORR uf S B Bhet DT WOBHE. ity 0.
to 18MRL mort Brefélbly NIt Reyard) |rﬁ/os_?ﬁr3bfér§’01§«QQ0 SIHaFE |

preferably 0.1 to 70 hours. e steam can be pure _

st ekhmsiticadzst evagules ean heasubissted tadreetmeat withsteamAsinigany suitable

t her. | atjl £ Or, . i .
cof bGP R TR S s PAUROSH e p 08 HITTRUELFL moving

bedany the Aean phgded DOSO0IEr theded drahe Pestred peod dteme.ot Abidised bed
ressure suitably lies in the range 0.1 to9

of shegrapulss garpalo poenmplopedh fut thisrcen fragkta ﬂlaé‘rsyaglg@ggggﬁ of the
R, lf’%féltabﬁ/rtgée Eﬂéﬁgﬁleé' ark é)tl&eé oR#aYs inlftEinSi1hie& 3ut@lave and the

granul es ca ected to treatnment wth steam
steasi isgpaaseyd is ai thaldesred pressureiandl taupdargoent . For exanpl e

h | | d | fixed b J i
be A SRPHIFET 2t T e SBATRb 1< WPRP AR Db e G ACyg: For
ex@afpld, @t RPpbedardbe drid¥usiny d dtitafl Sadty RRGr aftrdcbe

granul es can al so be enployed, but this can lead to
undBhsi restsppolyacid istlpasied on te e syppert bebsequanefogrr aiyripg thesteam

I I . ' i
oA 9 L PSSR R0 O, gL A P s o

pro@iiaR &Y @knl [’@dg%r wo aptailysifoothe tablditivh eeuxtion efbleRmto carexylic
support can be dried if desired. For exanple, the

aciipport can be dried using a streamof dry air or

nit TR Eim '%@Er{b@hﬁ%@ggg %i?e?' }gréiﬁ a{lﬁgﬁist B0t he s Jl?ﬁcation is meant"

support subseq uring am treatnment.
to Theludethe fapakidaandior metabsadts thepeoft Thithetesoppibyacids usédtg prepare
convepti onal t hads. The product _is _then ready for :
(b SRR R DRI 4 BESTHE BT AR PESECOTF e 16FEE g he Gree acids
arfddobRiMatibn ReQaltsREreb MW hiBRIHRBRM i¥ @Cbiple’ShidR Bfblecular
erein and t'hroughout the specification is nmeant to
weight endigy.t Fhe heteropelyadid asinn comprisgseioms ave & ¢iglieendxygPimdinked

SRR TR CORNALT LY 1 e
pdriph6ral #loh suiiuld &R @&hd¥8 central atoms in a symmetrical manner. The
peripheral atoms are usually one or more of molybdenum, tungsten, vanadium, niobium,
tantalum and other metals, The central atoms are usually silicon or phosphorus but can
comprise any 6ne ofa largé variety of atoms from Groups I-VIII in the Periodic Table of
elements. These include, for instance, cupric ions; divalent beryllium, zinc, cobalt or
nickel ions; trivalent boron, aluminium, gallium, iron, cerium, arsenic, antimony,
phosphorus, bismuth, chromium or rhodium ions; tetravalent silicon, germanium, tin,
titanium, zirconium, vanadium, sulphur, tellurium, manganese nickel, platinum, thorium,

hafnium, cerium ions and other rare earth ions; pentavalent phosphorus, arsenic, vanadium,
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and co-ordination type salts thereof in which the

anion is a conplex, high nolecular weight entity. The
woetmroopsaByaci d ani on conprises fromtwo to el gar&B2005/003470

oxygen-|inked pol yval ent neta# atons, which are

general ly known as the "peripheral” atons. These

peripheral atons surround one or nore central atons in

a symmetrical nmanner. The peripheral atons are usually

one or. nofe of. npl ybdenum tqiﬁ%E 1 adlu S
AR doRS: A AIeMeLRROTR g1 ey Alon @A Ph Sush o s
hé¥r8p dl?é@éls! e 2isb KON A5 "RIRSRARMOHS', Dptly SRIEAMRE! SR oxide
one of a large variety of atorrsfromGroups [-VII1l in

clattersPeri odi ¢ Tabl e of el enents. These i ncl ude, for

in nce URri c. i,0ns; l4i.u Z

conIPeBeLAEEE bfod G Eve § bigh ilbeRE et €], if It ange from 700-
338! antl inbluddf Aifheri6 @bYIEke2 RN hEve APdAHNRIYhigh RO NG Spolar

bi smuth, chrom um or rhodiumions; tetraval ent

sodyeniscsyah agywiatenar oter evenated solvants, esnecieBkifthey are free acids and in
thY RRAYf l§£Q'er Lélaﬂp birh’e shﬁk!l%&éﬁrﬂe &Bﬂgﬂ&?ﬁyg angh]gtt e approp rlate

plat’i num m cerrumio
ccmateth\onso |$$>;3C1ﬁe lekamplleenf hgudrosqihanidssandathsie salts, that may be used as the

Eﬁgnad anti mgny i.ons; hexaval ent telluriumions; and
pisindhe Rreserd dn vratipp fslu Such het er opol yaci ds are al so

knoMﬂuﬂgmoﬂQkﬁﬂ%Qﬂﬁmpns p0|y0X0ﬁEta'Hﬁ?@§nO%ﬂde)
nmet al oxi de clusters” Fbteropolya0|ds usual Iy have a

h| gh- mol}@dgphmphmcgmd e. g. in the 1angeHi[Pdin7QOLxEBADO
di meri c conpl exes. They hav ~Felat

hi glri"gu %}B?lllf]ﬁ?midn pol ar sol vents ‘such géﬁ\”&e@o dﬁ\ﬂaby

ot hErmekxpdesiatiedcriol vents, especial l'y |H4[Ehﬁ}z517@ﬁ(ﬁ xHp©€

acids and in the case_ of several salts e SO|ubI|It8

carCesdine dyndiogen Bugssiieaidsi ng t he appr oppFHEEV12040].xH,
| f het d
C he P R BRERAE SIOTH 0 Phecar SRR Y

pr eAsindontivig amlymdlpmkplﬂ& 12-'t ungst oph@$R))EPiMo R0k xH,0

H3[ o Zoé%@]erog}ﬁmi@?? X2 oggqolﬁﬁ $ érlegg}atgl;vdenmx! age\ypngstosilicic
3] ORI 0, 6 HS R 3 on
AﬂdﬂrmEms{legﬁﬁmphm piradteres o KGh22Wi1166 Atidand @ngstophosphoric

ni um nol ybdodi phosphate ' - Preferred
a4itht er opol yaci d catalysts for use in the present

| NVERY e @HatedisapEsit 851 Be frbffared by dissolving the heteropolyacid, in e.g.
distilled or demineralised water, and then adding the aqueous solution so formed to the
support. The support is suitably left to soak in the acid solution for a duration of several -
hours, with periodic manual stirring, after which time it is suitably filtered using a Buchner
funnel in order to remove any excess acid.

The wet catalyst thus formed is then suitably placed in an oven at elevated
temperature for several hours to dry, after which time it is allowed to cool to ambient
temperature in a desiccator.

-Alternatively, the support may be impregnated with the catalyst by spraying a
solution of the heteropolyacid on to the support with simultaneous or subsequent drying

(eg in a rotary evaporator).
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acid and tungstophosphoric acid. Particularly
preferred are the Keggin or Wlls-Dawson or
wandwreszeas Evans- Per | of f primary structures of PCT/GB2005/003470
tungstosilicic acid and tung(§ophosphoric acid. The
i mpregnat ed support can be prepared by dissolving the
het eropol yacid, in e.g. distilled or dem neralised
wat er, and then addi ng the aqueous sol ution so forned
he support. .The s rt is. suitabl eft to so
B Gstaiten 1R 5 e inp b ohyishiion BRE iR dne olefin
anWtﬁJ‘m&ﬁfchﬂﬂhghmg 2iTh& hnbinttg heRfdpdlyafal débo§1teﬂﬁm|p¥egh§ted on the
suitably filtered using a Buchner funnel in order to

supparbfee usgip thx esersfication re'crch@n sesuiteldy & V@trarmlfsom &P i@ by
t he |
wegiipe B P8 0 B BPERy WAL o R g he R ER ot e, e

hetdroposyaeld adade swppoal to anbi ent tenrperature in a
desi ccator. Alternatively, the support

i niegristleating ehtheicatalyst an %websﬂnsbﬁrdégﬁr%gleg bysubiraging the
w8 ot ehd 10 §5r9 H?édyf?(gh‘#hé)@e ¢ e é&f{lg&rotn dﬂé'ﬁ? and then dividing the
sequen

il t aneous of  su dry ng gin
reamamuhamhu)ne'ﬁﬂcatat}upampbﬁdlsaht Hbryemmpdm if Heg obentalssadupport
' e olefin a

nﬁ[%‘glgrdgggé’lt(%fgo i‘ﬂr:\(@ ﬁttrero nusbﬁiﬂhmﬁﬁ cgp YH%Qrgpagg,tbqrg, Q&S aquates toa

ca@a‘?ﬁ@&;{;)&q/vbfmﬁ@mb?ﬂh@& tp ﬁlew%ﬂ lof afied catgi9sti ﬁﬂegam from this
esterl lcation reaction I's sulta in the ran from

sopr s 16T e @a@mapmefqamssmme 5008 - 10)/0.025 =

lsgergél%{ é\ é‘ﬁ%ﬁ%ﬁnnst 8tc§ttéalyat rea orOIﬂf yt?])\éopeesgee f@}; ltw)%& u%ts In

th@ abdvieleRamplaarbacid &tading sTa 80 kgmltmeqﬁatag td (37 5V 1Be73)e] @ht
OK the support used fromthe weight of the catal yst on
27Td9WHYL and then dividing the result by the vol une of

catal S
VR AT BT s byttt Bime o
prbpyletﬁﬂd mnntdrdssethembﬁl \)v&mbrqcrr mpmuratolf oh:ﬁnt s Lseé,qhateesltam a
suppart volunme of 0.025 litres. he wei

pre«ﬂ&cg lwﬂiée PstHaRIE @ THxRES PEeaTs o ng fauEceqf ;slbfo?lf in geaf%ﬁngwd
%}hﬁ@a Iéﬁ‘ﬁe% ?Jiuc‘fi‘%f d ch&ﬁféhﬂq aogfol}trlﬂ &?QJ@AW@IK whRRhS éo?ltam some
13. 75 - 0.02 C

= 150 g/litre. I d | oadi ngs of
alkzaneah@mivceétlﬂraﬁ'iﬁo M«mﬂpmfmalylyelxq)mleﬁs ecethylesé. wt / wt

o o SRR SRS o £ ot B B

sa%frﬂﬁe%i?Gai\g%ﬂy&lgth%ﬁglﬁg@-@mbbhﬁl&dcﬁf iAReli©aGE ¥ reftped. 1 S

The reaction mixture suitably comprises a molar excess of the olefin reactant with
respect to the aliphatic mono-carboxylic acid reactant. Thus the mole ratio of olefin to the
lower carboxylic'acid in the reaction mixture is suitably in the range from 1:1 to 15:1,
preferably from 10:1 to 14:1. . _

Preferably the reactants fed or recycled to the reactor contain less than 1ppm, most
preferably less than 0.1 ppm of metals, or metallic compound or basic nitrogen (eg
ammonia or amine) impurities. Such impurities can build up in the catalyst and
cause deactivation thereof.

The reaction is carried out in the vapour phase suitably above the dew point of the

reactor contents comprising the reactant acid, any alcohol formed in situ, and the produced

ester. The meaning of the term "dew point” is well known in the art, and is essentially, the
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propyl ene or m xtures thereof. Wiere a m xture of

olefins is used, the resultant product wll be
wonewsiodzdaBy a m xture of esters. The source of PCHE&B2005/003470

ol efin reactant used may be a refinery product or a

chenical or a polymer grade of efin which may contain

sone al kanes adm xed therewith. Mst preferably the

olefin is ethylene. The nono-carboxylic acid S

suitably a Cl-C4 carboxylic acid and is preferably a
highestiiemperaiure BRErSi ¥ Rastionpf Si¥egspufes abirhigh liquid can still

[

exif B 46 rfChfe RS EREfand 180 BACLuRfl Tt Bepend upon it
cofrpasitiant mnth respect to the aliphatic nono- carboxylic

acid reactant. Thus the nple ratio of olefin t
| oMPteEb?rPé??i% ip P ey Qe RORNTRTRYARToh b, 1or example,

in ? ‘?A Bfor‘nrl tBl'ig n'i@l@ éfréfémbiy frdmt3%0 42 role S, %&‘é zi’9|[=‘éf‘¥rab1y from 5
rom o 1. ferab the reactants

to rlémwib%dnaml ctmthe tcédcarmunc oﬁolaﬁn, dadmsylihagid Iaqumatenmst

%ﬁ{fﬁgll’ E’ﬁgef i}'ﬂc}%@éﬂg{pébsﬁﬁﬁgrﬂsgd asa gﬁ?a:]%)d wl%ch may be

n'tl'i@fd)’imto'f 8 packSd €BIuniR Bk kddid bed 3P a Biilad coniercidliCavailable reactor
cat al st and cause deactivation thereof. The reaction

designc atle wgowaof the reapsans glsdine aph agids g@up@g@sﬂ Pverdbe eatplyst suitably
S50 Ok b £ LSS TR TN L o,
profegeblic f6meH0 o ZOGIhpermbanl ng of the term"dew point" is

wel I known in the art, and is essentially e o
t enpirTSRqieR i¥ BHitably fatisd QU Abdiserture 44 tie r@l?&ﬁetﬂorgq% 200°C.
T}&rr%§§tf6'h$res reggfnocﬂe bdn E”i% 08Ba B}elfer%‘l&/?ﬁonﬁ Ul Ech?ﬁ barg

m xture. W pol n any vaporous” sanpl e w

th u&mqiemdldacpmthe teacugmrpm&tutq io muitabdgt mesems 1rpﬂlesfetm of steam and
. the tion.m xture. 0 ter can pe, for
i SHEMIAT o Een RS Py SHrgi 0] eatl bt PigeeRy cFtirnrpffpt of the
reﬁétma?»elte@ode?edw 8g%radiPhs §tafagbabl y from5 to 11

nol e% based on the total anmount of olefin, carboxylic

acid and water. The supported heteropol yacid cat al yst
Eif uitably used as a fixed bed which may be in the
—¥6@§$of a packed colum, or radial bed or a simlar

CONTR Sdndplbyofaviaial vadit @sdde e ﬁlfstdﬂﬁh gamplEhes\coponer&aldf available
t he react ant ol efins and acids are passed over the

Grage §15 Silicg mlw—yn‘m p:a'tlgqglwrp@g— Tpggq;qop 351@@ gample was produced
th%/(r?llgﬁq}lné %)drétﬁer“l? gé%ﬂggt %%%‘c& 8374Rica gg@ﬁgﬁe{ fohe%ﬁn(ﬁqmethod

era rom hour eact |
s ui 25adrhms Oﬁﬂlklsﬂd:a @uinudds, mpperrmemaa ghass wooltfleg, vaargelaced ina 1.5

lg Slrymletse? rri%l tlp%cr:pose microreactor. A preheat bed consisting of 50ml of

carborundum (RTM) silicon carbide granules (mean particle size approximately 1-2mm)
was also installed on top of the silica gel, separated from the silica by a second glass wool
plug. The use of a preheat bed within the heated microreactor allows any liquid feed to
fully vaporize prior to contacting the silica catalyst support.

Hydrothermal modification of the silica was then carried out by feeding a mixture of
21.6 g/hr of nitrogen and 6 g/hr of steam through the reactor at 13 barg, and 210°C for a
period of 20 hours. Following this, the steam flow was switched off and the reactor was

allowed to cool back to ambient under the nitrogen flow only.
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The reaction pressure is in the range 5 to 20 barg,

preferably from11l to 15 barg. The water added to the
woeamiszaa3m xture is suitably present in the fecmaB2005/003470

steam and is capabl e of generating a m xture of ester

and al cohol in the process. The products of the

reaction are recovered by e.g. fractional

distillation. Exanple Two sanples of silica were used.

The first silica sanple was commerci al Idgqravai | abl e

I
G dde nusmoredefar ggedynithis xperERent 5an pe heatedfrempmbient 19,200°C by
L | h . th :

0 B R RRRRR, Sl R LA At Aok e presping in the
redcvdil canibe gomed] ked detven @r sudsl Sdfarg theowghl the asegrfarhackpressure

S orfed on a glass wool plug, were placed in a 1.5 .
re R i SRR ST P BFOL SN B BF BHGo B oA TR FLR iR ugptis
wiPIB RM EhtBilePRh nedss BRHGRVNUBHS) A&TMnaﬂlbllli:qﬁﬁ{‘feeds can also be

carbide granules (nmean particle size approxinmately
passediijouglatheatastori thsseabdingideiveradpyci HINeC ghmpda “Hegh Pressure

R AT R A

prédsGregy.eactor allows any liquid feed to fully vaporize
prior to contacting the silica catalyst support

Hy d#ask Kepples ohskiser hedydgethemal lydreater japd theduitiepted) were then
: i { i i - /hr of
infpRnefd AU st iRt A By Meditbbitimadod L0 OF 4t 13
barSilicamtksAd (BT hf dratea( 9 e of B36aHh2ionOammct Edrhicaishyas diluted

this, the steamfl swi.t ch ff t he reactor,
WS ETEE OanisiO B Ok SS B R ere R dors THESATF BLEer
tré%géa‘l’q&r%ﬂh)fatg@ﬁligi @5@5&%8%%188(8@%%1&%&1%& XREfWNBAE nfidlre was

eated from anbi.ent to 3 y the use of three
themip@ge nthed fon24dwnrs iolal eogetsd dakee atibroscasianahstitring o d fter 24 hours

t.he pressure in the reactor.can,pe controlled betwee .
n ane Sy St EE e ) - BB BB B solution.
THEMred flica WaY thenl 8riePSRimigANoL cdtamfeadst 4ir1Quah ke dried silica

m croreactor fromcylinder supplies with the flow

wasohen weighed.ind themalicotyngstic e vpieke Epadingddithe sihen ¢ajculated as
Li.quid .f .can al so be passed through the reactor,
PrFHg‘gségB%ﬁ%ﬁgédde| ivered by an HPLC punp (a "High
Pressure Liquid Chromatography” punp designed to

deliver very low flows of liguid at ver hi-ah

pressures). Both sanpiuseaed §57Silica gale | hyiydrotharmally treated
treated and the untireated) were then inpregnaia® Mitdoel
silicotungstic acid by the foll ow ng nefhod: =

LSGADING ungstic acid hydrate (4Bg of 30% sol ut | on, 134

Contract Chem',cal_g) was di |l ut ed
(grams of silicotungstic aci ,

per litre of silica)

Bbth catalysts were tested for activity in relation to the production of ethyl acetate
and selectivity to methyl ethyl ketone. This was done using a microreactor under the
following set of standard écreening conditions:

6.25ml of catalyst (crushed to 0.5-1mm particle size) was mixed with 6.25ml of G57

silica of the same particle size and was placed into the microreactor as described above.




with distilled water to make 100m of solution. A

2.5gram (6.25 m) sanple of either treated or
wanooewarsas silica was added slowy to this sol BCTB2603M03470

the resulting mxture was then left to stand for 24

hours in a covered beaker with occasional stirring.

After 24 hours had el apsed, the silica granules were

then filtered to rem)ve any unabsor bed aci d soI uti on .

The filtered si ri ed overnight
Tf@éﬁ%mgccoaﬁhgﬂn%'fsei \A%Srﬁ?e(cawéﬁe@??r@@a@m@ pfae (reactor
pr@@hﬂ:ﬁ,eﬂmh ?8&%& bERLYAY ﬁbbv%gaé‘v'eﬂth'é Rh@KEt 4d RALHEI)

of the SI al cul ated “as previously descri bed: Both

catal ysts mere tested for activity in relation to the
production of ethyl acetate and selectivity to nethyl

et hyl ketone. This was done using a m croreactor under
the follow ng setcefpshaitdar cpe%grlgﬁ@@gr)condi tions:

6. 25m of catal yst (cr ushed|to S-Imm particle size)

was nixed with GJEBﬁanf GB’ S|Iué$50f the sane

particle size ar‘ﬁl—wsi‘..s aceg—ntothe—m—eroreactor as
i T 1€é"1§1(d] ng %‘7% ed were 185°C

descri bed above. condi ns us

(catal yst tenperlaydfeg), and|1I1 bapygg(react or

pressure), with|the conposition of the gas flow ng

over the cat al ygtDiathyl otlhleovv?; TheOQ&s streamfromthe

m croreact or wag th—a—he exehanger and the

l'i qui d products cséﬁ"fzgﬁed in a kn@@ﬁ out pot and

anal ysed by offline GC (gas chromatography). The

remai ni ng gas was anal ysed by online mcro GC. After

25 hours on streamthe productivity of the catal ysts
as f ata

hyarsare sl o B R RLRRE et Sefiali  sintB rivheagey and the

liguiepodnets SelReeedtih Aknyiebst fobad axfawse@b yifline Sateas as
the baseline catal yst. The net hyl ‘

ket one
chspraeoataphy). HAREeBRININgG g yvasnalpnd by qﬂi‘ﬂ@ﬁé@?@% ms: 1.
A process for the production of an ester by reacting a
l-olefin with a nonocarboxylic acid and water in the
vapafier JPhases omsticam the arinctviof ofths tdtalgsts gete ssufoflows;ed
het er opol yacid catal yst, wherein the silica gel
support is in the formof granules, the granul es

having been sSubj ectjed to treatment c,P'P)d%' gam at
tenperature in the|range 100 to 3000 or a perlod of

Chafalgsti n t he range Q. Etliyd ARt 8TYS(g/lkre A MEBESTYJg/ litre cat/h)

15

claimed in claim1l
di aneter of the sup

in which the average
port graf®¥s is frof

particle
n2to 10 mm

Gﬁb&egr%?ss as cldg

particle dianeter d
hyrdothermally treated

Imed TN chgy M 2 wWher g
f 'the support

bt n the ayghsge

Hyrdothermally treated G57

489

0.0091

The catalyst made with the hydrothermally treated catalyst shows approximately the same
space time yield (STY) for ethyl acetate as the baseline catalyst. The methyl ethyl ketone

production however is significantly reduced.
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granules is 2.5 to 8 mm especially 3 to 6 mm 4. A

process as clained in any one of clains 1 to 3 wherein
woOhereiz2d48a- gel granul es are spheroi dal, tubul acTaBi03r003470

cylindrical. 5. A process as.¢lainmed in any one of

claims 1 to 4 in which the trléatrrent with steamis at

a tenperature in the range 130 to 2500C, preferably

150 to 200 OC. 6. A process as clainmed in any one of

claimse 1 to 5 in which the silica purity is at |east
Clgg%iw w. 7. A process as clained in any one of clainms
1.1 10 pfockss MPiehrdiRtiSHOPAT &st@ 13T @R gRAVE efin RAN& monocarboxylic

volune in the range fromO0.3 to 1.8 m/g and a single
acphartd water iavtbe sapoucphash insthe pregencend! aatilidacgebsupporiedvhearppolyacid

rce., 8.. rpcess as claineddn clkaim.7, .in whic .
col ey ETETRT peRIC MRG0 B B6Mu g\ i hgving been
suBjecRdR6 BeARRneWitE bRAMRM A kénPuidtuaia thS rafk@l 0PBto BODYC &r a period of
in which the average pore radius of the support prior

time instihp paneeitnlgtor298 hedtsal yst thereon is 10 to 500 A

~ pre 39.. 5Q. i LNe

22 A AL S0 00 B R AU B e s
grafdenisifoncats i@mhnout at a total pressure of 0.1 to 50

barg, preferably 0.1 to_ 10 barg, nore preferably 1
3.5 péqceg_s;l_qs cignﬁpg)gb%lgmh%w eéql‘ qVﬁragﬁ??rgﬁ]:@ dquépra(?flﬁge support
grél&&]é)s 40,5 1o M, € ggﬁ[}%gqg@%boxyl ic acidis ad to

car boxylic acid. process as clainmed in claim
4.11 Avpercessastdimmad oagrdiexoficiatmad itol 3ivehesaim thiecsilinai gl graBules are

[ ss..as ¢l ained in any one of clains 1 to 12, in
Sh 'O&%?’&Hiulir-@ﬁgicgﬁ?@cglfhyI ene, propylene or a mixture
5.t hex @fcedslas ofniPE@GESS, iR oFIcRIiMET tb B iRAhicBNEe @atfledd WBh steam is
1 to 13, in which the heteropolyacid is at |east one

atladempepon s ctherange 29 w50 enprefrsatly d8htocWsCst i ng of

tun ophosp i¢.ac t i,] icGI i . oo
Sl D] Pkl i e MARIRRT 0 5 G RA e il moiy oot enet
oxher/eof 15. A process as clainmed in any one of clains

1 to 14, in which the anouynt .of heteropol yaci

7-depdPFAcEey ISAMEGH i Y GG claids 4 dppar hic thﬁsgmeﬂmées have
L TG T R e e
ofaan teasteNswpme force. |

8. A process as claimed in claim 7, in which the pore volume is in the range from 0.6 to
1.2 ml/g.

9. A process as claimed in any one of claims 1 to 8, in which the average pore radius of
the support prior to supporting the catalyst thereon is 10 to 500 A, preferably 30 to 250 A.
10. A process as claimed in any one of claims 1 to 9, in which the treatment with steam
is carried out at a total pressure of 0.1 to 50 barg, preferably 0.1 to 10 barg, more
preferably 1 to 5 barg.

11. A process as claimed in any one of claims 1 to 10, in which the monocarboxylic acid
is a C; to Cy4 carboxylic acid. |

12. A process as claimed in claim 11 wherein the monocarboxylic acid is acetic acid.

13. A process as claimed in any one of claims 1 to 12, in which the 1-olefin is ethylene,

propylene or a mixture thereof.
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16. A process as claimed in any one of claims 1 to 15

wherein the anount of water is in the range 1 to 15
wounbe¥sirased on the total amount of ol efin, PCT/GB2005/003470

nmonocar boxylic acid and wat el 17. A process as

claimed in any one of claims 4 to 16 wherein the

olefinis present in a nolar excess with respect to

t he nonocarboxylic acid. 18. A process as cl ai rred in

any one of clains, 1 to 17_wherein the Spa
14 VelAdtrP?%ﬁS As Claimgdhe apéﬁ@%O#@%‘msllo@ 130 M5B BEh HE% pROIyacid is at
leadtdy ne"he&rr&ﬁog eft:é(?&:l& A RA teeraiy canRatiag oﬁhﬁ\%ﬁﬁp}i’os BoriBacid,

erature is in the range 150 to 200 OC.
tun%@nosmcmramemmmosmlammd mlsémdypmhmc adichupessaits therepd

157, Aepprosascieehamnane PR LREFGITuhEhat 48 op

hetMtlo8iaid RPoRtRAGRDRchiteg BAtol tﬁ@I s@ﬁbrﬁ@ nﬁthfa mh@d fioadl10 to 60% by
process. 22. A process for producing a support ftg use
§e

wen%t,eprsﬁpqhby freth Hblloeﬁlo&/qo‘wv tbased gn tataysvﬁlgﬁlb? in

t he ctj.on of nester by reacting a 1-olefin with
he'ﬁmrﬂ? e 3 fd and water in the vapour phase

16Whey ﬁﬂo@eish@ cRiifieeman§ORP LT slefing I &at i whersin the amgedt of water is in

granul es with steam at at eratu n the ran 10
th9nBob ! Bloleds paseion tes ol ABOPR Al sBog o diegh and
wal? urs. 23 A process according to claim22 wherein the

ar anul es are spheroidal, tubular and/or cylindrical.

1724 A proeesceshimed nramlyrmge pbcleimd @DS whe2® thaeledinis pigsent in a

silica-gel, granules have a er ticle d
malle e E-BeT & BT BPRREFABy 55 10 &

188SPE gfcﬁlaésyas%lélﬁ’ne@ ofe of HlaRhO T @s 57 dheRirdthe Gak dloarly Space

one clai ns to 24 wherein the treatment with
Vdmaaa'nsmsﬂmaamgeeﬁjormhﬂo tat SORO0mspetat ure in the range 130

o 250 0C, Ry ef er abl
oo TGS P O g0 8 ey paR iy i e
raﬁgeepgmmbo\acth steamis carried out at a total
pressure of 0.1 to 50 bar preferably 0.1 to 10 bargl
°Qm rAe pparcssseasaiiped in @yz?nﬁ&%@lal@% bée {4 pibgrein thg Pecspyp &S i'the

ss according to any one of clainms 22 to 26
ra% Q%ﬁ%g support has a pore

21. A process as claimed in any one of claims 1 to 20 wherein the process is carried out
as a fixed-bed process.

22. A process for producing a support for use in a supported heteropolyacid acid catalyst
for use in the production of an ester by reacting a 1-olefin with a monocarboxylic acid and
water in the vapour phase wherein the process comprises treating silica-gel granules with
steam at a temperature in the range 100 to 300°C for a period of time in the range 0.1 to

200 hours.

23 A process according to claim 22 wherein the granules are spheroidal, tubular and/or

cylindrical.

24. A process according to claim 22 or 23 wherein the silica-gel granules have an
average particle diameter in the range 2 to 10 mm, preferably 2.5 to 8 mm, especially 3 to
6 mm.

25. A process acéording to any one of claims 22 to 24 wherein the treatment with steam

is carried out at a temperature in the range 130 to 250 °C, preferably 150 to 200 °C
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volume in the range 0.3 to 1.8 nl/g and a single

particle crush strength of at |east 7 Newtons force.
waa006A3m4pport as prepared by the process of aRgT@B203003470

claims 22 to 27. 29. A process for producing a

silica-gel supported heteropdRyacid catal yst for use

in the production of an ester by reacting a 1-olefin

with a nonocarboxylic acid and water in the vapour

phase wherein the catalyst is produced by |npregnat|n%
26and¥ procd@m@scprﬂmggo any preefi clams 2o @6 oyfsrsimdiedreatnent ayvith steam

s SBRR TSR AR BRI R0 2l

r@ﬂe@!b[p P& gvbgrgeég@eélmqey hed ebafgol yacid is selected from
t he group consisting of tungstophosphoric, acid,
2% unfLarecsss mﬁocdlag:townymwﬁa yns 22l fawh@rem the support has a pore

vom)rl‘né/ 191dtﬂg p oCl ?ﬁﬂ/glaﬂaq ?@l O?argl § atrg\#é b 6¥ at 1?21§|te 7

process ac rein

\'Nammumﬁnaf heteropolyaC|d depositedllnpregnated onto

the support is in the range from 10 to 60% by wei ght,
2801 et SYRASFYASPI RSN esww fpey gre obdawms Bl iHe Lot al

79"\‘9"43?1;009& fBF'EroGG&ﬁ%QQH’JcH 3| ng?@lqe& ﬁ@gl‘é?&?&ﬁ@ catdl9st O use in the

a-gel support ropol yaci d yst for use
productine op r dstert hyoreadingani -elefivrwithya meacctalrlngyhc acid land ivater in the
ocar water in the,v

e EPReR Ch el f pietoPar v Birfeaistat A5V R e ot as
onfehRtePs R Gito aRMprIRacebrdalgtohaiti N & ¢t a8 prepared in any one of
claims 22 to 27 |

30. A process according to claim 29 wherein the heteropolyacid is selected from the
group consisting of tungstophosphoric acid, tungstosilicic acid, molybdosilicic acid,
molybdophosphoric acid and salts thereof.

31. A process according to claim 29 or claim 30 wherein the amount of heteropolyacid
deposited/impregnafed onto the support is in the range from 10 to 60% by weight, '
preferably from 30 to 50% by weight based on the total weight of the heteropolyacid and
the support. |
32. Asilica-gel supported heteropolyacid catalyst for use in the production of an ester by
reacting a 1-olefin with a monocarboxylic acid and water in the vapour phase wherein the

catalyst is produced according to the process of any one of claims 29 to 31.



